In order to investigate the flow characteristics and the formation process of cavitation in twin-screw pumps, threedimensional computational fluid dynamics numerical analysis has been carried out. A conformal structured moving mesh generated by an in-house code SCORG was applied for the rotor domain. The volume of fluid method has been adopted for dealing with the liquid-gas two-phase flow, while the bubble dynamics was handled by a homogenous cavitation model. By changing the rotation speed and discharge pressure, the intensity, distribution area and variation of cavitation at different rotor angle were obtained. The effects of rotation speed and discharge pressure on cavitation characteristics have been analysed. Calculation results with cavitation model are compared with the results without cavitation and the experimentally obtained values. The influence of cavitation on the performance of a screw pump in terms of the mass flow rate, pressure distribution, rotor torque and the shaft power has been analysed and discussed. For analysis of cavitation in clearances, a 2D numerical model which includes radial and inter-lobe clearances was used. The relationship between volumetric efficiency and cavitation intensity was developed by variation of boundary conditions.
Introduction
Twin screw pumps are positive displacement machines widely used in petrochemical, shipping, energy and food industries due to their reliability, self-priming capability and excellent performance in single phase or multiphase operation. Typical arrangement of a twin screw liquid pump is given in Figure 1 , showing rotors synchronised by timing gears and enclosed in the casing.
With the trend of increasing rotational speed, delivery pressure and power in screw pumps, the cavitation becomes a phenomenon unavoidable in such kinds of machines. Nowadays, the research of cavitation is mainly focused on centrifugal pumps, hydrofoils, propellers and hydraulic valves, 1 etc. (such as Figure 2 ). The lobes of a positive displacement screw pump are much thicker than in turbo machines, while the clearances of screw pumps are much smaller than in dynamic pumps. Positive displacement machines also rotate slower than equivalent size dynamic machines. Therefore, such machines are less sensitive to cavitation, and usually no obvious cavitation erosion is observed on screw rotor surfaces. For that reason less attention is paid in the literature to the cavitation in screw pumps. 2 However, during the rotation of screw rotors, cavitation develops through initiation, growth and collapse of bubbles, which will directly influence the performance of a screw pump, such as increasing vibration and noise, eroding surfaces of rotors and casing wall, lowering the volumetric efficiency, and so on. 3 Therefore, in order to improve the performance and stability of screw pump and expand its application fields, cavitation cannot be ignored.
Increasing demands for high-performance screw pumps require improvements in pump designs. But for improvements in the design of screw pumps, full understanding of process within the pump is indispensable. Research work on modelling and experimental investigation of working processes in twin screw pumps was reported in many previous studies. The number of literature resources is large and therefore just the most relevant will be listed below.
Ozf 4 elaborated the rotor profile generation and performance analysis of four typical marine screw pumps. Futian 5 introduced the structure, rotor profiles generation and performance calculation of different kinds of screw pumps. Feng et al. 6 proposed calculation models for the back flow and pressure generation within the multiphase twin-screw pump and also simulated the thermodynamic performance and the transport behaviour of the pump with different gas volume fractions. Qian and Yuanxun 7 modelled the screw pump by use of CFD static mesh and proposed improvements to a leakage model for twin-screw pump. In addition, they optimised some rotor profiles. Jing 8 discussed the rotor profile design of twin-screw kneader and simulated the flow field based on CFD by static grid. Mewes et al. 9 proposed a performance calculation model for a multiphase pump according to the mass and energy conservation in the pump chamber and validated it by experiments. Abhay 10 and Evan 11 studied the steady state and transient properties under different working conditions. They discussed about the influence of the viscosity of the sealing liquid and gas void fraction on the performance of a two-phase screw pump. Ra¨biger 12 proposed a theoretical model for screw pump and carried out the numerical and experimental analysis of the performance of the pump under very high gas volume fractions (90%-99%). He also conducted an experiment to visualize the leakage flow in radial clearances.
The literature resources referenced above provide a good understanding of the working process. However, to date, most of the current methods are based on the thermodynamic chamber mathematical models which neglect kinetic energy and simplify the analysis of the main and leakage flows. 13, 14 Chamber models can predict integral performance of screw pumps relatively accurately but are not taking into account 3D effects within the working domains, which means chamber models are incapable of simulating cavitation as a phenomena highly related to the geometry of flow fields. Few others refer to a steady state computational fluid dynamics (CFD) which assumes static mesh of the moving flow domains. By using static mesh, approximate pressure gradients and the leakage velocity field can be obtained; however, such results do not take into account the velocity field of the main flow and neglect the transient nature of the working process in a screw pump. In addition, the pressure flow losses could not be calculated. Therefore, phenomena such as power losses, effect of change in clearances and any dynamic behaviour including cavitation and multiphase flows could not be analysed using such static mesh.
Breakthrough in using CFD for analysis of positive displacement screw machines was made by Ahmed et al. 15 who generated structured moving mesh for screw compressor rotor based on a rack generation method proposed by Nikola et al. 16 This pioneering work in grid generation for screw machines allowed for the CFD simulation and performance prediction of screw compressors. 17 This method provided a powerful basis for research of screw pumps. It also makes modelling of cavitation in twin-screw pump possible.
Cavitation is a very common physical phenomena which happens in almost all fluid machinery and hydraulic devices which use liquid as working medium. 3 However, it is still not understood fully to allow step change in application of such machines. Normally, the cavitation in fluid machinery is caused by local pressure drop. The occurrence of bubbles is usually because of two reasons. The first one is vaporisation of liquid when the pressure reaches its saturated vapour pressure. The other is the gas dissolved in liquid which is released by occurrence of low pressure. For example, in water and oil pumps, air can often be dissolved in the liquid. However, the formation mechanism of cavitation and its influence factors are difficult to be precisely captured and described. For example, in a liquid pump, the formation and distribution of cavitation can be easily influenced by fluid property, suction and discharge pressure, temperature, rotation speed, chamber geometry, clearances, etc. 18 When the working fluid is water, the bubbles mainly come from vapour. But for many hydraulic machinery and equipment, the working fluid is usually mineral oil. By experimental investigation, 19 it was found that the saturated vapour pressure of oil is far below that of water at normal temperatures. Therefore, bubbles which come from vaporised oil are unlikely to appear and can be neglected. Instead, the bubbles are mainly initiated from nuclei of noncondensable gas dissolved in oil.
The research of cavitation is mainly carried out by experimental and numerical methods. By numerical simulation based on cavitation model, the area and location of bubbles can be predicted, 20 and then validated by comparison with experimental observation through high-speed photography, 21 particle image velocimetry (PIV), etc. However, there are considerable limitations for experimental methods. Firstly, they are costly and usually suitable for simple flow fields such as venturi tube or nozzle orifice. For high-speed and non-transparent fluid flow and complex geometry, it is difficult to observe and investigate cavitation by experiment. Accordingly, numerical methods are still the main tool to study the cavitation in majority of fluid machines. They are based on simplified cavitation models that have been validated by mathematical and experimental studies to have sufficient accuracy for relatively simple cases they were applied to.
With the increasing developments of computing technology and numerical methods, nowadays many cavitation models are proposed. Such as Singhal full cavitation model, 22 Zwart model, 23 Kunz model 24 and Sauer-Scherr model. [25] [26] [27] Integrated within commercial solvers, these models are widely used in analysis of centrifugal pumps, turbines, hydraulic valves, hydrofoils and so on. They are relatively efficient and accurate. For example, Mireia and Laszlo 28 investigated throttle flow under cavitating conditions based on Sauer-Scherr model and VOF method by using the implicit large eddy simulation (LES) approach and they also validated the results by experiment. Desheng et al. 29 simulated and analysed 3D tip leakage vortex cavitation and the suction-side-perpendicular cavitating vortices in an axial pump by applying Zwart model and an improved SST k-! turbulence model, the simulation results matched well with highspeed photography results. Since many cavitation models are embedded with commercial solvers, it becomes convenient and efficient to model cavitation for fluid machinery, as was stated above.
Till now, no reference was found on investigation of cavitation in twin-screw pumps. Yet, there are some analysis cases for positive displacement pumps. For example, Yingyuan et al. 30 applied Zwart model in cavitation analysis of rotor pumps based on 2D unstructured moving mesh, the influences of rotation speed, pressure difference, clearance size and inlet pressure on cavitation were investigated. David del et al. 18 and David del 31 investigated cavitation in external gear pumps by using Zwart model and observed the chamber flow field by time-resolved particle image velocimetry (TRPIV), the inlet and outlet pressure effects were discussed. King et al. 32 combined one-dimensional and three-dimensional CFD models to improve the design of a gear pump porting and reduce cavitation erosion. The cases above can be referenced for screw pump analysis.
In this paper, the unique grid generation software SCORG is used for grid generation of a structured moving mesh around screw pump rotors. 33 The mesh for stationary domains such as ports and pipes is generated by use of a commercial grid generator built into the computational continuum mechanics (CCM) solver STAR-CCMþ. 34 Handling of the mesh generated by SCORG in STAR-CCMþ solver is managed by use of the UDF made specially for handling conformal rotor mesh and it will be described later in the paper. This method has been validated by experiment in single-phase CFD modelling of screw pump. 35, 36 This paper is aimed to study the flow characteristics of twin-screw pumps under cavitating conditions. Based on the structured moving mesh, full CFD simulations with and without cavitation have been carried out and will be explained in detail in this paper. The real-time mass flow rate, rotor torque, pressure distribution, velocity field, power consumption were obtained. In cavitation modelling, volume of fluid (VOF) model 37 was applied for dealing with the liquid-gas two-phase flow. The Sauer-Schnerr model was used for modelling bubble dynamics. By changing rotation speed and discharge pressure separately, the accordingly variation of cavitation was acquired. The influence of cavitation on performance of a screw pump and the mechanism of cavitation in clearances were analysed and discussed.
Mathematical model
Positive displacement screw pumps operate on the basis of changing the size and position of a working domain which consequently causes change in the pressure of the working domain thereby transporting the fluid. To calculate performance of a screw pump, quantities such as mass, momentum, energy, etc. need to be modelled.
The governing equations required for the solution is a closely coupled, time dependent set of partial differential equations (PDEs) and often employ a finite volume method (FVM) to be solved.
38,39

Governing equations
The cavitating flow can be treated as a homogeneous mixture of vapour, air and liquid, in which vapour and air are gas. So it is liquid-gas two-phase flow.
VOF considers a single effective fluid whose properties vary according to volume fraction of individual fluids
The mass conservation equation for fluid i reads
It can be rearranged into an equation in integral form
where S i is the source of the phase i This equation is used to compute the transport of volume fraction i
The mass conservation equation for the effective fluid is obtained by summing up all component equations and using the condition
The integral form of mass conservation equation (used to compute pressure correction) reads
The properties of effective fluid are computed according to volume fractions
The VOF model description assumes that all immiscible fluid phases present in a control volume share velocity, pressure, and temperature fields. Therefore, the same set of basic governing equations describing momentum, mass, and energy transport as in a single-phase flow is solved.
The equations are solved for an equivalent fluid whose physical properties are calculated as functions of the physical properties of its constituent phases and their volume fractions.
Cavitation model
The cavitation model describes the growth of bubbles which includes the phase change between liquid and its vapour. In this calculation, a homogenous distribution of bubble seeds in the liquid was applied. Based on the Rayleigh-Plesset equation, 40 the vapour volume fraction can be calculated as follows
The bubble growth rate can be described as
then the vapour production rate can be calculated as follows
The continuity equation can be written as follows
Then the following transport equation can be derived.
Setup for calculation of the screw pump
The screw pump used for this study shown in Figure 1 is a twin-screw pump with a 2/3 lobe arrangement and A-type profile rotors. The operating speed of the male rotor changes from 630 to 2100 r/min while keeping the discharge pressure as 0.85 MPa. By controlling the discharge valve, the discharge pressure varies from 0.35 to 0.85 MPa while keeping rotation speed of the male rotor at 2100 r/min. The male and the female rotors have 140.00 mm diameter and the centre distance of 105.00 mm. The length of the rotors is 200.00 mm and the male rotor has a wrap angle of 590.0 .
Grid generation
Grid generation is a process of discretising a working domain of the screw pump in control volumes for which a solution of local fluid properties is to be found. It may be numerical, analytical or variational. 41 The results obtained in this research work used grids generated by analytical grid generation. Applying the principles of analytical grid generation through transfinite interpolation with adaptive meshing, the authors have derived a general, fast and reliable algorithm for automatic numerical mapping of arbitrary twin screw machine geometry built into an in-house grid generation code SCORG. 17 The rotor profile of the screw pump is shown in Figure 3 . Table 1 shows the geometry parameters of rotors. The numerical grid for the working fluid domain between two rotors is shown as Figure 4 . Configuration of the mesh around rotors is given by Table 2 .
Polyhedral mesh of the inlet port and outlet port is generated using STAR-CCMþ grid generator as shown in Figure 5 . The grid independency study for this calculation model has already been performed in 'Study on grid independency' section.
A numerical mesh used in this study compromises 1,068,864 cells of which 775,180 cells represent the fluid domain between the rotors, while 293,684 cells represent the two ports. 
Numerical methods
The Star-CCMþ pressure-based solver is used for the calculation of screw pump. In order to solve the pressure-velocity coupling, the implicit unsteady segregated flow scheme has been applied. The second-order upwind discretization scheme is applied. Gauss-Seidel node is used for the relaxation scheme which provides better convergence by iteratively correcting (relaxing) the linear equation during multigrid cycling.
The main rotor rotates 2.4 per step. The mesh is updated before commencing solution for each time step. The time-step is defined as follows
where DPTS is the degree per time step, RPM is the rotation speed of male rotor.
When the DPTS is not small enough, it will make the simulation run with a relatively large time-step which may cause the divergence of calculation. Here, Át is inversely proportional to RPM, which means that the mesh has to be changed for different RPM in order to keep the ratio of time and spatial step constant. It is not always essential to keep the ratio constant but it is limited by Courant stability condition. 17 The k-" turbulence model is adopted in the calculation. Different turbulence models have been compared during this simulation, the results show that the variation in mass flowrate with difference turbulence models is less than 0.2% which is small enough for the overall performance prediction. 36 Stagnation inlet and pressure outlet are used respectively for the inlet and outlet boundaries. The pressure of the inlet port is 0 Pa. The discharge pressure ranges from 0.35 to 0.85 MPa, while the rotation speed of the male rotor ranges from 630 to 2100 r/min. The initial pressure and initial velocity are 0 Pa and 0 m/s, respectively. The turbulence intensity is 1% and the turbulence viscosity ratio is 10.
Numerical results
The calculations were carried out in a computer powered by 4 Intel 3.00 GHz processors and 8 GB memory. Screw pump rotation was simulated by means of 75 time steps for one interlobe rotation, which was equivalent to 150 time steps for one full rotation of the male rotor. The time step length was synchronised with a rotation speed of 630 to 2100 r/min. An error reduction of four orders of magnitude was required, and achieved in 30 inner iterations at each time step. The overall performance parameters such as chamber pressure, velocity distribution, rotor torque, mass flow rate and shaft power were then calculated.
Cavitation under different boundary conditions
The start-up process of a screw pump is highly unsteady leading to the large area of cavitation in the pump chamber in a short period of time.
As time progresses, the flow field gradually reaches a steady state condition when the domain in which fluid cavities become reduced and repeats periodically. Figure 6 shows the maximum volume fraction of vapour observed in the working domain as the function of the rotation angle under different rotation speed and the constant discharge pressure. It can be observed that, when cavitation stabilized, the volume fraction of cavitation and its fluctuation amplitude repeat and are higher for higher rotation speeds. Figure 7 shows the changes of the maximum volume fraction of vapour with the constant rotation speed at different discharge pressures. When the pump reached steady state conditions, the amplitude of cavitation volume fraction remains higher for higher pressure difference between the suction and discharge ports, while the frequency and the average value remained the same.
Compared with Figure 6 , it can be observed that the effect of the discharge pressure on cavitation is not as significant as in the case of increased rotation speed. Figure 8 shows the location of the cavitation area at different rotor angle when the screw pump reaches a relatively stable state at 2100 r/min and 0.85 MPa. The increased volume fraction of vapour is mainly located in the radial and inter-lobe clearances near the suction port, and its value changes periodically with the rotation of the rotors. Figure 9 shows the variation of cavitation area at different rotor angle when the screw pump reaches a relatively stable state at 630 r/min and 0.85 MPa. The area where fluid cavity is the same as for the higher speed but its amplitude is much smaller especially on the female rotor. Compared with values in Figure 8 for speed of 2100 r/min, it can be concluded that the cavitation weakens with the decrease of rotation speed.
To investigate what will happen at much higher speeds, a calculation is performed for four times the maximum speed of the liquid pump, in this case 8400 r/min. In such case, cavitation is not limited just to the clearance area, it extends to the entire chamber and also will spread to other chambers in the axial direction from the suction. This is shown in Figure 10 for same angles of rotation as in previous figures. It would take much longer for cavitation to reduce. The mean value of the volume fraction of vapour and its amplitude would both increase compared to lower speeds shown in previous figures.
Mass flow rate
In order to investigate effects of cavitation on the flow through the pump, two separate calculations were performed at 2100 r/min and 0.85 MPa discharge pressure, one without cavitation and another which includes modelling of the cavitation. Figure 11 shows the calculated instantaneous mass flow rate of the screw pump with and without cavitation at 2100 r/min and 0.85 MPa. It can be seen from the comparison that the mass flow pulsations with cavitation included in prediction model are larger than that without cavitation, the fluctuation amplitude without cavitation is 0.62 kg/s, while under cavitation it is 1.03 kg/s. The averaged mass flow rate under cavitation is similar to that without cavitation. Figure 12 shows the rotor torque of screw pump with and without cavitation at 2100 r/min and 0.85 MPa. The periods of torque fluctuations with and without 
Rotor torque
Study on grid independency
In order to obtain grid independent solution and to investigate the influence of the mesh size on the calculation accuracy, three different mesh sizes of the rotor fluid domain have been used to obtain the performance of the screw pump. The mesh configurations used in the calculation are shown in Table 3 . Grid 1 Case can be calculated using a computer powered by 4 Intel 3.00 GHz processors and 8 GB memory. However, 8 GB memory is not sufficient for the Grid 2 Case and Grid 3 Case. Here, a workstation with 16 Intel processors and 32 GB memory station was used for the study of grid independency.
The results of calculations are presented in Figure 13 in the form of a discharge flow-angle diagram and a pressure-pressure diagram.
The mass flow rate vs. angle diagram in Figure 13 shows that the mass flow rate increases with the increase in the mesh size. The difference in the mass flow rate between the coarse Grid 1 and medium Grid 2 is small, 0.89%. The difference between the medium Grid 2 and Fine Grid 3 is even smaller 0.5%. The overall difference between the coarse and the fine mesh is less than 1.5%. It is expected that by doubling the mesh the difference between that grid and Grid 3 would be less than 1%. However, due to the capacity of the available computing equipment, it was impossible to perform that calculation in the reasonable time. For the full grid independency, it would be necessary to perform calculation on two more refined meshes of which the finest will have in access of 10 million cells which is not feasible on the computing equipment available for this research work. The chamber pressure-angle diagram in Figure 13 (bottom) shows no obvious difference in power between the three calculated grids. Some oscillations in the chamber pressure are noticed with the largest number of cells (Grid 3) which could be associated with more accurate capturing of pressure oscillations. However, this will require further investigation which will be reported in future publications. Figure 14 shows the shaft power under different working conditions obtained on the three grids with progressively higher number of cells. It indicates that the power remains virtually the same for all three mesh sizes.
The calculation results of the liquid screw pump performance obtained with the three different mesh sizes show that use of an average mesh size of around 800,000 cells in the rotor fluid domain can provide sufficient accuracy and reasonable computing time.
Comparison with experiment and discussion
An experiment has been carried out to validate the calculation. 35 The working medium used in the experiment is CD40 lubricating oil. The density is 889 kg/m 3 and the dynamic viscosity is 5.25 Â 10
À2
PaÁS. The temperature of oil is 50 to 70 C. The nominal interlobe clearance (between two rotors) is 0.12 mm, the nominal radial clearance (between rotor and casing) is 0.24 mm. Figure 15 (left) shows the mass flow rate of cavitation and non-cavitation condition with the variation of rotation speed and (under constant discharge pressure 0.85 MPa). By comparison, it can be found that with cavitation, the mass flow rate is 4.90% higher than that without cavitation.
From the distribution of cavitation in Figure 8 , it can be seen that under a relatively low rotation speed cavitation mainly appeared in clearance area. Clearance cavitation leads to a decrease of mass flow rate through clearances, which means smaller leakage rate. It is observed by analysing the modelling results that forming of the vapour in clearances effects sealing and it brings a slightly increased volumetric efficiency of a screw pump. The mechanism of cavitation in clearances will be further analysed and discussed in 'Mechanism of clearance cavitation in twin-screw pumps' section. Figure 15 (right) shows the mass flow rate of cavitation and non-cavitation condition with the variation of discharge pressure and under constant rotation speed 2100 r/min. It can be found that the mass flow rates of both are very close. With the increase of discharge pressure, the mass flow rate under cavitation gradually exceeds that without cavitation in a small degree. Figure 16 (left, right) shows the shaft power of screw pump under cavitation and non-cavitation with the variation of rotation speed and discharge pressure. It can be found that cavitation and non-cavitation have a very close shaft power, while cavitation brings a slight increase of 1.21% in shaft power. The main reason for causing higher power consumption is that cavitation influenced the pressure distribution in chamber and brought fluctuation and increase in rotor torque.
Mechanism of clearance cavitation in twin-screw pumps
The characteristics of flow field in clearances play an important role in determining the performance (such as leakage rate, volumetric efficiency) of rotary screw machines. 42, 43 When designing screw rotors, two types of clearances need to be considered, radial clearance and inter-lobe clearance (Figure 17) .
From the full 3D CFD modelling of screw pump, it is found that after reaching a relatively stable state, the cavitation is mainly distributed in clearances when the rotation speed is not too high. According to the Couette-Poiseuille flow model, 44 the flow field of clearances can be simplified, and the approximate distribution of pressure and velocity can be obtained.
The mechanism of clearance cavitation can be deduced and simplified as shown in Figure 18 .
2D Numerical model setup and simulation
In order to reveal and understand more deeply the formation mechanism of clearance cavitation in screw pumps and its influence in leakage rate, 2D numerical models of radial and inter-lobe clearances flow have been built. Based on polygonal mesh and prism boundary layer mesh, the numerical 2D mesh was generated as Figure 19 . There are four prism layers for the moving boundaries. A numerical mesh of 91,082 cells was used for interlobe clearance, while a numerical mesh of 52,454 cells was used for radial clearance.
Pressure inlet and pressure outlet are used as boundary conditions. The pressure values are set according to the pressure gradients that obtained by results of full 3D CFD simulation of screw pump. In order to simulate the real working condition of clearances, moving boundaries are applied in the walls that represent the surfaces of rotors and the velocities of moving boundaries are chosen based on the rotation speed of rotors. Reynolds Stress Turbulence model was applied in the calculation. By comparing the mass flow rate through clearances under cavitation and non-cavitation, the influence of clearance cavitation on leakage rate of screw pump can be obtained. Figure 20 reflects the distribution of cavitation in clearance area. According to the calculation results?it can be found that cavitation area will be increased with the increase of rotation speed and pressure difference. Figure 21 shows the mass flow rate of cavitation under cavitation and non-cavitation through clearances. It can be found that the mass flow rate under cavitation is smaller than that without cavitation, and with the increase of cavitation, the difference between this two becomes more obvious.
Discussion and analysis
From the calculation above, the relationship between clearance cavitation and leakage rate can be obtained. When cavitation appears in clearances, the mass flow rate through clearances will be reduced, namely, the leakage rate of screw pump will be reduced. Accordingly, the volumetric efficiency will be increased slightly. With the further increasing of rotation speed, the cavitation area will be expanded to the chamber between rotor lobes (Figure 10 ), large amounts of bubbles will be formed and the interaction will decrease the real mass flow rate of screw pump, which means a decrease of volumetric efficiency. The qualitative relationship between cavitation and volumetric efficiency can be described as in Figure 22 .
Conclusions
A full 3D CFD simulation of twin-screw pump has been carried out using structured moving numerical mesh with the conformal interface between the rotor domains. The cavitation intensity and distribution area were predicted based on the combination of VOF method and the Sauer-Scherr model. Through analysis and discussion, it can be concluded as follows:
1. If it appears, the cavitation will mainly happen in the area close to the suction port and will be distributed in the outward surfaces of rotors and clearances when the rotation speed is not too high. With the increase of rotation speeds beyond the current limit of pumps, the cavitation area will expand to the whole chamber along the rotor from suction to discharge. 2. The increase of rotation speed will enlarge the intensity of cavitation observably in screw pump. The increase of the discharge pressure at constant speed of rotation will increase the amplitude of volume fraction, while the average of volume fraction nearly remains the same. 3. The cavitation in screw pumps has many influences on the pump performance, which is manifested in larger pressure impact in screw rotors, increase of rotor torque and mass flow rate pulsation and larger power consumption. 4. Clearance cavitation can reduce the leakage rate through clearances, which result in a slightly increased volumetric efficiency. With the expansion of cavitation area, massive bubbles will be generated in pump chamber which leads to a markedly decline of volumetric efficiency.
The study of use of CFD for screw pumps provides better understanding of the internal flow field and cavitation characteristics, which provides a good basis for the next-step research on multiphase screw pump under different gas volume fraction (GVF).
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
Funding
